Although significant progress has been made, tuberculosis (TB) remains a major public health problem, affecting 9.0 million people worldwide (1). Even in countries with low and declining case notification at the national level, TB is still a challenge in certain high-risk groups, including homeless people, drug and alcohol users, and migrants (2-4). A meta-analysis of 30 studies, covering a total of 20 554 individuals, identified homelessness as one of the most important risk factors for TB transmission, with an odds ratio of 2.87 (95% confidence interval (CI): 2.05-4.02) for TB among homeless people compared to those who were not homeless (5). Lack of access to medical care among homeless people is associated with late detection of disease progression, poor adherence to treatment, and the emergence of drug resistance (6, 7). These outcomes have a direct impact on health care costs, particularly hospitalization. 
Although significant progress has been made, tuberculosis (TB) remains a major public health problem, affecting 9.0 million people worldwide (1) . Even in countries with low and declining case notification at the national level, TB is still a challenge in certain high-risk groups, including homeless people, drug and alcohol users, and migrants (2) (3) (4) . A meta-analysis of 30 studies, covering a total of 20 554 individuals, identified homelessness as one of the most important risk factors for TB transmission, with an odds ratio of 2.87 (95% confidence interval (CI): 2.05-4.02) for TB among homeless people compared to those who were not homeless (5) . Lack of access to medical care among homeless people is associated with late detection of disease progression, poor adherence to treatment, and the emergence of drug resistance (6, 7) . These outcomes have a direct impact on health care costs, particularly hospitalization. Homeless persons are more likely to be hospitalized during treatment than people in stable housing, with an adjusted relative risk (RR) of 2.5 (95% CI: 1.5-4.3) (8) . The average hospitalization cost for homeless patients has been estimated at US$ 9 834, versus US$ 7 967 for nonhomeless patients (9) .
The aim of this study was to analyze economic evaluations of interventions related to TB diagnostics/screening, treatment, and prevention among homeless people. Cost-effectiveness evidence can help policymakers make better decisions about resource allocation, improving outcomes and health care efficiency for this vulnerable population.
MATERIALS AND METHODS

Search strategy
A systematic literature search was conducted in Medline, Web of Science, Scopus, Science Direct, Centre for Reviews and Dissemination (CRD)/ University of York (UK), and the Cochrane Library in June 2015, followed by an update on 31 August 2016, using the following strategy: ("homeless persons" [ 
Eligibility criteria
The eligibility criteria were 1) studies that analyzed homeless people; 2) studies that analyzed interventions targeting TB, including diagnostics/ screening, treatment, and prevention; and 3) original studies reporting the results of economic evaluations where both costs and outcomes were measured. Exclusion criteria were 1) editorials, letters, and commentaries; 2) reviews; and 3) studies without comparators (i.e., single interventions). The literature search was not restricted by language or date of publication.
Study selection and data extraction
Two researchers (ENS and ACESP) independently reviewed the retrieved studies by analyzing the titles and abstracts. Disagreements were resolved by author consensus or by a third reviewer (FTSE). The author, type of TB, country, year when costs were measured, currency, type of economic evaluation, study perspective, target population, interventions, costs, outcomes, incremental cost-effectiveness ratio (ICER), study conclusion, and sensitivity analysis of each article included in the study were extracted. All costs were converted to U.S. dollars using the exchange rates at the time the study was published.
Quality assessment
The critical appraisal checklist developed by Drummond et al. (10) , which consists of 10 questions for assessing the methodological validity of the evidence, was used for the quality assessment.
RESULTS
A total of 142 studies were found (141 in the literature search, and one in the manual searches of the reference lists); 29 duplicates were excluded. After screening the remaining 113 titles and abstracts, 98 studies that did not meet the selection criteria were excluded, leaving 15 studies for full-text assessment. A total of 10 studies were excluded in the full-text assessment (8, 9; 11-18) , leaving five studies for analysis in the systematic review (19) (20) (21) (22) (23) (Figure 1 ). No grey literature was found.
FIGURE 1. Flowchart for search, selection, and inclusion of economic evaluations on interventions designed to tackle tuberculosis (TB) in homeless people
Source: Compiled by the authors based on the search/selection process for the systematic review. a CRD: Centre for Reviews and Dissemination, University of York (UK). (17, 18) Three of the five studies included in the review were full economic evaluations (19) (20) (21) and two were partial evaluations (22, 23) . Most of the five studies were conducted in the United States (20) (21) (22) (23) , adopted a public health perspective (19) (20) (21) , and analyzed active TB (19, 21, 23) . The earliest study dated back to 1993 (21) and the two most recent were from 2011 (19, 20) . All five studies analyzed homeless people with TB, but two of them (19, 20) encompassed a broader target population and covered other social risk factors (Table 1 ).
In the critical appraisal, which was based on the checklist from Drummond et al. (10) , two studies (19, 20) fulfilled the 10 criteria for high-quality evidence. Lack of 1) information on the measurement and valuation of costs/outcomes, 2) discounting, 3) incremental analyses, and 4) sensitivity analyses were the main issues that impaired the methodological quality of the three other studies included in the review ( Table 2) .
The main findings of the five studies were divided into three categories: 1) diagnostics/screening, 2) treatment, and 3) prevention. For diagnostics/screening, evidence was found on mobile screening and on the Mantoux tuberculin skin test (TST) versus the interferon-gamma release assay (IGRA). For treatment, the studies included information on incentives such as supervised housing programs (versus hospitalization) and cash payments (versus noncash incentives). Information for the third category-prevention-was found in a study on the Bacillus Calmette-Guérin (BCG) vaccine.
Diagnostics/screening
Diagnostic/screening interventions were analyzed in the two studies with the highest-quality evidence, based on the Drummond et al. (10) (19) . Implementing the Find and Treat service (mobile screening plus referral to the program) was 5.5 times more costly in terms of direct health care costs than interventions without this service (US$ 2.21 million versus US$ 400 000 respectively). Two major outcomes of using the service were 1) a substantial reduction in loss of follow-up (2.1% versus 17.2% respectively) and 2) improved completion of treatment (67.1% versus 56.8% respectively) ( Table 3 ). The incremental cost-utility ratio (ICUR) was US$ 8 320/qualityadjusted life year (QALY) (ranging from US$ 5 330 to US$ 33 800 per QALY in the sensitivity analysis). The authors of the study concluded that the Find and Treat service was good value for the money given its cost-effectiveness threshold of US$ 26 000-US$ 39 000/QALYs in the United Kingdom. The study by Linas et al. compared screening strategies using TST or IGRA for vulnerable populations in the United States, including homeless people (20) . They identified a large variation in the incremental direct health care costs of the IGRA and TST tests, which ranged from a US$ 10.00 savings to a US$ 20.00 cost per person, depending on the risk group (only aggregate costs were reported; no incremental costs were included). Based on the evidence of sensitivity and specificity for both tests, the authors estimated undiscounted life expectancy gains of 0.00-0.01 life months for IGRA screening compared with TST. Meanwhile, IGRA proved better than TST when it came to the number needed to screen to prevent one case of active TB (411 versus 436 respectively) ( Table 3 ). The ICER of IGRA related to TST was US$ 194 300/QALY (ranging from US$ 140 600 to US$ 363 600 per QALY in the sensitivity analysis) ( Table 4) .
Treatment
Two studies investigated treatment strategies-one focusing on incentives for adherence to treatment (22) and the other analyzing a housing program for homeless only (23) ( Table 3 ). The study 
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LoBue et al. by Tulsky et al. (22) identified the potential benefits of using incentives to improve the completion of preventive therapy for homeless people. They compared two approaches: 1) cash payment (US$ 5.00) and 2) noncash incentives (fast food or grocery coupons, bus tokens, or phone cards with a face value of US$ 5.00). The noncash costs were slightly higher than the cash incentive (US$ 494.45 versus US$ 460.98 respectively), but no statistically significant difference was found between them in terms of completion of the prevention therapy (Directly Observed Prevention Therapy or DOPT). The authors of the study did not calculate the ICER or the sensitivity analysis (Table 4 ). The study by LoBue et al. (23) compared two alternative TB treatments for infectious homeless patients in San Diego, California: 1) a supervised housing program and 2) hospitalization until patients were no longer infectious (23) . Based on 20 patient records, more than 80% of the patients completed an adequate course of TB treatment, reaching 100% at one site (Bissell House, a detached cottage in a local residential complex, where they were isolated from the community). The direct costs were almost 10 times higher in the hospitalization scenario than in the housing program (US$ 651.00 versus US$ 55.90 respectively), corresponding to a projected cost savings of US$ 27 034.54 per patient if the housing program were adopted instead of hospitalization. The main limitations of this study were related to the small number of patients and the absence of some methodological steps, such as calculation of the incremental ratio between costs and outcomes, and sensitivity analysis.
Prevention
The fifth study by Nettleman (21) analyzed prevention (the efficacy of the BCG vaccine in preventing active TB in homeless people over 35 years old). The author considered a broad range of assumed levels of efficacy of the BCG vaccination (8%-100%) and found that if it were 50% effective approximately 23 cases of active TB would be prevented for every 1 000 persons entering the vaccine program, resulting in a cost of US$ 621.00 per case of TB prevented. The main problem with this study was the absence of 
DISCUSSION
This systematic review included five economic assessments of TB interventions among the homeless that covered: 1) diagnosis/screening (19, 20) (IGRA and mobile screening); 2) treatment (22, 23) (incentives for adherence to treatment and housing programs); and 3) prevention (21) (the BCG vaccine). No robust evidence was found on the costeffectiveness of the five interventions analyzed because: 1) so few studies of these types of interventions have been carried out, with only one study found for prevention); 2) the relevant studies have only been carried out in developed countries (the United States and the United Kingdom); and 3) the methodology used in three of the five studies that met the inclusion criteria was not of high quality (21) (22) (23) .
One factor neglected in the five studies was investigation of contacts of homeless persons with TB. This is probably due to the high numbers of individuals who share or transit through homeless spaces, hampering identification, localization, and follow-up of contacts for transmission control (24, 25) . High-income countries have identified this as a priority issue for controlling the disease (26) .
Interventions for homeless people with TB in developed countries
Only two countries have undertaken economic evaluations of interventions targeting TB in homeless people: the United States and the United Kingdom. There are an estimated 650 000 homeless people in the United States and about 380 000 in the United Kingdom. The two countries' homeless populations combined account for about 1% of the total global homeless population (27) .
Of the five studies included in this systematic review, two were carried out in the 2010s (19, 20) ; the others are from previous decades (21) (22) (23) . The increasing focus on TB in homeless people is due to the high incidence of the disease in this population group. In the United States, TB is 10 times more prevalent in homeless people than in the general population (7), while in the United Kingdom the disease is 29 times more prevalent among homeless people than in the general public (28) . According to Zenner et al., many countries have cut their investments in TB control programs because of the low prevalence of the disease in the population at large, but this has only heightened the problem of TB among vulnerable population groups, including homeless people (16) .
Interventions for homeless people with TB in developing countries
No studies with economic assessments of efforts to tackle TB in homeless people in developing countries were found. Generally speaking, programs in such countries tend to focus on the whole population, with an eye to meeting the Millennium Development Goals (MDGs) and, more recently, the Sustainable Development Goals (SDGs). Homeless people are not mentioned explicitly in either the MDG or SDG program (29) .
As available data about TB in homeless are scarce, the authors of this review were not able to determine a reliable profile of epidemiological and demographic characteristics for this population in developing countries. At an efficacy of 50%, capital outlay would be US$ 621 per TB case prevented and US$ 9 100 per life saved.
If the BCG g vaccine had moderate efficacy, the vaccination of homeless people would be cost-effective.
The vaccination would become dominant if: 1) TB incidence in homeless people was 25 times that of the general population; 2) the probability of cases of active infection being found by tracing contacts with active TB was higher than 0.18. In the city of São Paulo (Brazil), TB incidence for 2015 was 51.1/100 000 people in the general population and 4 389/100 000 people in the homeless population (30) . Nonadherence to treatment was 2.83 times higher in the homeless population than in the general population (40.5% versus 14.3% respectively) in São Paulo (31) .
Although there are no economic evaluations of interventions for homeless people in Brazil, the country has had specific programs for this population group since 2011, conducted by the Consultório na Rua ("Street Consultancy") teams, part of the primary health care service (32) . These programs are basically mobile health units staffed by health workers who go out on the streets to meet, build rapport with, and provide guidance for homeless people (33, 34) . As they go about their work, these professionals ask the people about their life history, education, official documents, and health and welfare needs (35) . This strategy has been seen as promising for improving the health of this vulnerable population group. It would therefore be worthwhile to analyze these programs' costs and health outcomes in order to determine their cost-effectiveness.
Research and policy implications
Policies designed to address TB in homeless people should prioritize crosssectoral measures involving social services, the health system, and income generation and educational opportunities. Implementing these three types of initiatives together tends to yield better results, for the same amount of resources, than implementing them separately. The ultimate goal is to not only cure the disease but also help people overcome their vulnerable status.
Strengths and limitations
This systematic review was carried out according to high-quality methodological standards, following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, but it had some limitations. The first was related to the broad research question, which covered diagnostics/screening, treatment, and prevention of TB in the homeless. A broad research question was used because the authors only expected to find a few studies on each of the three types of TB interventions, given that both TB and homeless people are a neglected topic in the literature. As stated in PRISMA (36) , broad questions might increase the applicability of the results and facilitate detection of bias, exploratory analyses, and sensitivity analyses. Second, the number of identified studies was insufficient for conducting a meta-analysis; only one study was found for each health technology. Third, the strength of recommendations to health practice depends on the quality of included articles (37). As mentioned above, the studies available in the literature on interventions targeting TB in homeless people are limited and mostly of low quality. However, these results enabled the authors to map gaps in this field and suggest future exploratory analysis that could help support additional policy and research. Finally, the five studies had some gaps in terms of scope, including 1) their lack of estimated costs and health outcomes of cases of contagion via contact with homeless people and 2) their lack of methodologies that include equity in the economic evaluations, especially for vulnerable population groups.
The authors of this review recommend that future studies on TB in homeless people take these issues into account.
Given that interrupting further transmission between contacts tends to improve the cost-effectiveness of interventions, studies that identify and measure cases of contagion among contacts of homeless people would be useful. Including some type of health equity measure to adjust for differences in resource distribution when conducting evaluation among highly vulnerable population groups would help enable more equitable distribution of health care services.
Conclusions
While no high-quality evidence was found on the cost-effectiveness of interventions designed to diagnose/screen for, treat, or prevent TB in homeless people, the results of this review indicate that 1) active searching for cases via mobile screening and financial incentives could help increase the chances of TB treatment completion and 2) IGRA could help boost the detection of cases of TB. The results also show that TB in homeless people is neglected worldwide, especially in developing countries, where this disease tends to afflict more people made vulnerable by their precarious living conditions. Funding mechanisms should be created to develop cross-sectoral actions targeting homeless people, as the complexity of the dynamics of this population group tends to hamper the prevention and diagnosis of the disease and the completion of treatment.
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RESUMEN
Objetivo. Analizar la evaluación económica de intervenciones relacionadas con el diagnóstico y tamizaje, el tratamiento y la prevención de la tuberculosis en las personas sin hogar. Métodos. Se realizó una revisión sistemática en la cual se usó como criterio de selección estudios originales en los que se presentaran los resultados de una evaluación económica. No se restringió la búsqueda por idioma ni por año. Se usó el enfoque de la evaluación crítica.
Resultados. Se encontraron en total 142 estudios, entre los cuales había cinco artícu-los de investigación (tres evaluaciones económicas completas y dos parciales) que se seleccionaron para la revisión final. En la mayoría de los estudios, realizados en los Estados Unidos, se adoptó una perspectiva de salud pública y se analizó la tuberculosis activa. Se encontraron intervenciones relacionadas con el diagnóstico y tamizaje (el uso de la prueba de liberación de interferón gamma -IGRA, por su sigla en inglés-y los equipos móviles de tamizaje), el tratamiento (incentivos para continuar el tratamiento y programas de viviendas) y la prevención (el uso de la vacuna BCG).
Conclusiones.
No se encontraron datos de calidad alta sobre la costo-efectividad de las intervenciones relacionadas con el diagnóstico o tamizaje, el tratamiento o la prevención de la tuberculosis en personas sin hogar. Sin embargo, la búsqueda activa de casos mediante el uso de equipos móviles para el tamizaje, así como los incentivos financieros, podrían ayudar a aumentar la adhesión al tratamiento; además, el uso de la prueba IGRA ayuda a lograr una mayor detección. La tuberculosis en las personas sin hogar se subestima en todo el mundo, especialmente en los países en desarrollo donde esta enfermedad tiende a afectar a más personas que pasan a ser vulnerables por la precariedad de sus condiciones de vida. Deben crearse mecanismos de financiamiento con fondos públicos para llevar adelante medidas intersectoriales dirigidas a las personas sin hogar, puesto que la compleja dinámica de este grupo tiende a obstaculizar tanto la prevención y el diagnóstico de la tuberculosis como la finalización del tratamiento antituberculoso.
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